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Electronic structures and magnetism of LaNi5 – xFex compounds
J. B. Yang,a) C. Y. Tai, G. K. Marasinghe, G. D. Waddill, O. A. Pringle, and W. J. James
Materials Research Center, and Departments of Physics and Chemistry, University of Missouri-Rolla,
Rolla, Missouri 65409
A systematic study of the magnetic moments and hyperfine interactions of the LaNi5 – xFex
compounds was performed using the spin-polarized tight-binding-linear-muffin-tin-orbital methods
~TBLMTO!. The calculated results were compared with neutron diffraction and Mo¨ssbauer
experimental data and found to be in good agreement. Fe atoms exhibit more localized magnetic
moments in LaNi5 – xFex when the Fe content x is lower than 1.0. The calculated magnetic moments
of the Fe atoms approach values as large as 2.5mB due to the dilution effect. The strong s – d
hybridization between the Ni and La atoms and the neighboring Fe in the Fe-substituted samples
results in a large transferred valence contribution to the total hyperfine field. It is found that the Fe
and Ni magnetic moments decrease abruptly at a unit cell volume which is 5% smaller than the
observed volume in LaNi4Fe due to the instability of the Fe magnetic moment. LaNi5 becomes
ferromagnetic when the unit cell volume is larger than its original volume. © 2001 American
Institute of Physics. @DOI: 10.1063/1.1357854#
The investigation of rare earth-transition metal interme-
tallic compounds has been the subject of many fundamental
and technological studies. Current interest in the electronic
properties of LaNi5 is due to its high capacity for hydrogen
absorption1 and its strong exchange-enhanced Pauli
paramagnetism.2 The LaFe5 intermetallics do not exist; how-
ever, solid solutions exist for LaNi5 – xFex (0,x,2.0).3–8
LaNi5 – xFex possesses the hexagonal CaCu5 structure ~space
group P6/mmm! with one formula unit per unit cell. This
crystal structure is extremely simple, with Ni atoms occupy-
ing two different crystallographic sites, 3g and 2c , Fe pref-
erably occupying 3g sites and La occupying the 1a sites.
La~Ni, Fe!5 shows some interesting features of magnetic
properties such as spin glass behavior which has been ob-
served at low temperature for compounds with small
amounts of Ni substituted by Fe.6,7 The Fe atoms carry a
local magnetic moment of 1.2– 1.5mB which is deduced from
Mo¨ssbauer experiments.4 This value is much smaller than the
theoretical value of 2.2mB /Fe. The relationship between the
electronic structure and magnetic properties of this com-
pound has not been fully understood.
In this article, we present self-consistent spin-polarized
linear-muffin-tin orbital ~LMTO! band calculations for
LaNi5 – xFex . Based on the results of the spin-polarization
calculation, the magnetic moments and hyperfine fields have
been obtained and compared with experimental results.
The self-consistent tight-binding ~TB! LMTO atomic-
sphere-approximation method has been employed to perform
a scalar relativistic band calculation. This method has been
described in detail elsewhere.9,10 In our calculation, the ex-
change and correlation term takes the form deduced by Von
Barth and Hedin.11 The s, p, and d orbitals are used for Fe
and Ni, and s, p, d, f orbitals are used for La atoms. The
atoms sphere radii are chosen using an automatic procedure
developed by Krier et al.12 The calculation is performed for
512 k points in the irreducible parts of the Brillouin zone.
The atomic positions of LaNi5 – xFex are scaled according to
experimental results.3 Convergence is assumed when the
root-mean-square error of the self-consistent total energy is
smaller than 1026 Ry. We have performed calculations for
LaNi5 – xFex (x50.5, 1.0, 1.5, 2.0, and 3.0!. Supercells with
La2Fe7Ni3 and La2Ni9Fe have been used for x50.5 and 1.5
compounds. For x52.0 and 3.0 compounds, due to the fact
that experimental parameters are not available, we have lin-
early extrapolated the experimental data, and obtained lattice
parameters of a55.081 Å, c54.049 Å, a55.202 Å, and c
54.0974 Å. The calculations are also performed for LaNi5
and LaNi4Fe with various unit cell volumes, so that the de-
pendence of the magnetic properties and total energies on the
volumes is determined. The hyperfine fields HFC of
LaNi5 – xFex are calculated according to the prescription
given by Akai et al. for scalar-relativistic calculations.13
The total density of states ~DOS! for LaNi5 – xFex (x
50.0, 1.0, 2.0, and 3.0! and the DOS of Fe atoms are pre-
sented in Fig. 1. LaNi5 is paramagnetic and the Fermi level
lies near the minimum of the total DOS. After Fe substitu-
tion, the total DOS of all compounds show exchange split-
ting, and the Fermi level lies above the spin up DOS. As
expected, the d states dominate the DOS of the Fe and Ni
atoms, as well as the total DOS near the Fermi energy. The
DOS of La atoms lie above Fermi level. The spin down DOS
of Fe consists of one peak for the x51.0 compound, but a
continuous region is formed as the Fe content increases due
to the strong interactions between Fe–Fe, Fe–Ni, and Fe–
La. The calculated magnetic moments and the hyperfine
fields of Fe atoms are shown in Figs. 2 and 3. As a compari-
son, we have included some available experimental results in
these two figures. The calculated results of magnetic mo-
ments and hyperfine fields are in good agreement with the
our experimental results and the results of Ref. 4. Fe atoms
possess a magnetic moment as large as 2.5mB , which is due
to a very large exchange splitting and exhibits a strong fer-a!Electronic mail: yangj@umr.edu
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romagnetism. Since LaNi5 is paramagnetic, due to the dilu-
tion effect, Fe atoms tend to form a narrow d band when the
Fe concentration is low. The Ni atoms have magnetic mo-
ments in the range of 0.2– 0.5mB . The magnetic moments of
the Ni atoms increase with Fe content due to the enhanced
interaction between Fe and Ni atoms. The La atoms have
negative magnetic moments which are induced by the Fe
atoms.
Furthermore, the hyperfine fields can provide more de-
tails of the electron interactions in these compounds. We can
decompose the Fermi contact field HFC into two parts; HFC
core
,
which is the contribution of the core electrons and comes
from the polarization of the core by the polarized d electrons,
and HFC
val
, which comes from the polarization of the valence
electrons. The HFC
core and HFC
val contributions to HFC are also
shown in Fig. 3. It can be seen that the HFC
core at the Fe sites is
a dominant contribution to the HFC . The HFC
val has an oppo-
site sign to the core contribution and has a value of 10 T
which is much higher than that of a-Fe~25 T!. This feature
is quite different from most of the R–Fe intermetallics where
both core and valence contribution are of the same sign.
From Fig. 3, very large values of HFC
val were obtained, sug-
gesting that a strong s – d hybridization between Fe atoms
and other atoms occur, and it decreases with increasing Fe
content because of decreasing number of the Ni atoms in the
unit cell. Thus, the s – d hybridization is very important in
the La~Ni, Fe!5 compounds, especially when Ni is substituted
by a small amount of Fe(x<1.0) ~The absolute value of the
valence hyperfine field is nearly half of the total hyperfine
field!.
The dependence of HFC , HFC
core
, and HFC
val on the mag-
netic moments (mFe) at the Fe sites is shown in Fig. 4. A
linear relationship between the HFC
core and local magnetic mo-
FIG. 1. Total densities of states of LaNi5 – xFex (x50.0, 1.0, 2.0, and 3.0!
and Fe atoms ~the label in the parentheses is the corresponding compound!.
FIG. 2. The calculated magnetic moments of different atoms in LaNi5 – xFex
and total magnetic moments in a unit cell. The hollow symbol represents the
experimental values which were measured in a magnetic field of 5 T using
a superconducting quantum interference device at 30 K.
FIG. 3. The calculated hyperfine fields of different atoms in LaNi5 – xFex .
The hollow circles represent the experimental hyperfine fields which are
taken from Ref. 4.
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ments is observed, and the proportional coefficient is esti-
mated to be about 215 T/mB , whereas the valence contribu-
tion and total hyperfine field are not proportional to the
magnetic moments of the Fe atoms. This is the reason why
the magnetic moments obtained from Mo¨ssbauer measure-
ments in Ref. 4 are much lower than the magnetic measure-
ments data, though the transfer factor (14.5 T/mB) is almost
the same as our calculated results (15 T/mB). Hence, it can
be seen that the HFC at the Fe sites is affected by two factors,
mFe and the polarization of the valence electrons.
Figure 5 is the dependence of the magnetic moments and
total energies on the unit cell volumes of LaNi5 and
LaNi4Fe. The minimum total energy is achieved when the
unit cell is about 2.5% smaller than the observed volume V0
for LaNi5 and LaNi4Fe. At the observed unit cell volume
V0 , LaNi5 is paramagnetic. The Ni and La atoms will pos-
sess magnetic moments when the unit cell volume of LaNi5
is increased. A sharp increase of the magnetic moment of the
Ni atoms is observed at an expansion rate of DV/V055%.
The magnetic moments increase monotonously when
DV/V0.5%. Therefore, LaNi5 may become ferromagnetic
with increasing unit cell volume. The magnetic moment
of LaNi4Fe shows an abrupt decrease when the DV/V0
525%, and it reaches nearly zero at the critical volume
DV/V05210% where the ferromagnetism disappears. In
the range where the expansion rate DV/V050% – 15%, the
magnetic moments increase linearly. The abrupt decrease of
the Fe and Ni magnetic moments in LaNi4Fe is due to the
instability of the Fe magnetic moments. These results show
that the Fe and Ni atoms might lose their magnetic moments
under high pressure in LaNi4Fe.
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FIG. 4. The dependence of HFCcore and HFCval at the Fe(3g) sites on Fe mag-
netic moments ~mFe! in LaNi5 – xFex .
FIG. 5. The magnetic moments and total energy dependence on the unit cell
volumes of LaNi5 – xFex (x50.0,1.0) (V0 is the observed volume!.
7313J. Appl. Phys., Vol. 89, No. 11, 1 June 2001 Yang et al.
